S3

Figure S3. Variance derived from Principal Component Analysis (PCA) of 24 bulk S-Kedge XANES spectra
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Model Compounds for X-Ray absorption spectroscopy analysis (XAS)
Model compounds for S-K-edge XAS analysis:
Spectra of reference compounds were collected at beamline 4-3 at SSRL using the same experimental setup as the sulfidized Fe(III)-(oxyhydr)oxide nanoparticle samples. Reference compounds included: SO 4 2-as Na 2 SO 4 ; thiosulfate as Na 2 S 2 O 3 , sulfite as Na 2 O 3 S; iron disulfides as pyrite FeS 2 (synthesized as described in Ikagou et al. 2015) , iron monosulfide, a laboratory synthesized mackinawite (as described in Ikagou et al. 2015) , and elemental sulfur (from the Stanford mineral collection). Phase purity of the synthesized compounds (mackinawite and pyrite) and elemental sulfur was determined by x-ray diffraction analysis prior to XAS analysis.
Model compounds for Fe-K-edge XAS analysis:
Fe K-edge XAS spectra of initial compounds (i.e. ferrihydrite, goethite, and hematite nanoparticles synthesized for this study) were also used as reference compounds for LCF. Fesulfide reference spectra for mackinawite and pyrite were taken from the same synthesized 
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samples as for S-K-edge. All other Fe-K-edge XAS spectra were from our reference data collection as described in detail by Noel et al., 2017 . A" B" C" Table S4 . Target testing of reference spectra using the first four components obtained by PCA (S3). The model compounds yielding SPOIL values below 6 but higher than 0.15 were not considered as possible components. Minimally oxidized mackinawite: synthetic FeS exposed to sub-stoichiometric amounts of weak oxidants or Fe 3+ . 
Figure S8: Particle size measurements by DLS
Particle size measurements were performed using dynamic light scattering (DLS) on a Malvern Zetasizer Nano-ZS (Malvern Instruments, Malvern, UK). A dilute suspension of Fe(III)-(oxyhydr)oxide nanoparticles was prepared (100 mgL -1 ) in milliQ water with 100 mM NaCl (the aggregation was too fast at higher concentrations). Samples were exposed to a sonicator for a few minutes to break up the aggregates, if any, before the particle size measurements. Samples were measured in disposable polystyrene cuvettes at room temp. (25±2 ºC). The following assumptions were made for the analysis: the solution viscosity was assumed to be that of water, the solution refractive index for the blank was that of water (1.33); the refractive indices for the suspensions were as follows: ferrihydrite (2.32), goethite (2.17), and hematite (3.01). Data were acquired in automatic mode, and the results were assumed satisfactory when the software "data quality report" indicated "good quality" of the data obtained. The size distribution shown here is in terms of volume. The broader peak for the goethite size measurements is perhaps due to the fact that the particles are not spherical in shape but rather are rod shaped. 200 mg of Fe(III)-(oxyhydr)oxide particles were added to 20 ml of N 2 flushed milliQ water with 100 mM NaCl in 25 mL glass vials. The vials were sonicated for 5 minutes before adding the relevant volume of sulfide solution (from 0.5M stock solution, prepared using Na-sulfide nonahydrate (Na 2 S.9H 2 O)) into the vials. pH was adjusted to pH 7 ± 0.2 with HCl/KOH inside the glove bag. Vials were shaken vigorously for the first 30 minutes of mixing and then at a constant pace (40 RPM) for rest of the reaction. Samples were retrieved at different time points using a disposable syringe inside a N 2 filled glove bag. 
